A relationship between human papillomavirus (HPV) infection and papillary squamous cell carcinoma (PSCC) has been suggested. However, to date, no studies have thoroughly and directly evaluated for transcriptional activity of the virus or the clinicopathologic significance of HPV-positive PSCC. Fortyeight cases of PSCC were retrieved from our surgical pathology database and were reviewed by 4 study pathologists, with tumors defined as SCC with a significant component of papillary growth in the tumor. Immunohistochemical analysis for p16 and p53 was performed. Overexpression of p16 was used as a surrogate marker of transcriptionally active HPV. Transcriptional activity was also directly evaluated using RNA in situ hybridization to detect high-risk HPV E6/E7 mRNA. Clinical followup data were obtained by chart review. Seven cases were located in the oral cavity, 19 in the oropharynx, and 22 in the larynx. Two morphologic types of PSCC were identified: keratinizing type, in which the epithelial cells showed a maturation trend with minimal surface parakeratin, and nonkeratinizing type, in which the papillae were completely covered by immature basaloid cells. Transcriptionally active HPV was present in 23 of 43 (53.4%) tumors. The majority of tumors harboring transcriptionally active HPV arose in the oropharynx, showed nonkeratinizing morphology, were p16 positive, and p53 negative. Transcriptionally active HPV was also present in many laryngeal and oral cavity PSCCs. Overall survival, disease-specific survival, and disease-free survival were favorable and did not significantly differ by anatomic subsite. However, HPV-related tumors showed a trend toward better survival. Key Words: papillary squamous cell carcinoma, head and neck, human papillomavirus, p16, RNA in situ hybridization (Am J Surg Pathol 2013;37:1349-1356) P apillary squamous cell carcinoma (PSCC) of the head From the
and neck is a poorly recognized variant of SCC, which is believed to have a favorable prognosis. [1] [2] [3] [4] It is often confused with verrucous carcinoma and squamous cell carcinoma (SCC) with verrucous features. These 2 entities have broad-based exophytic projections and are characterized by excessive keratinization. 5 Verrucous carcinoma does not exhibit cellular atypia, whereas SCC with verrucous features does. PSCC is characterized by a significant component of the tumor showing papillary growth with thin fibrovascular cores covered by immature basaloid cells or dysplastic squamous cells with minimal or no keratinization. 1 The majority of HPV-related SCCs of the oropharynx exhibit a nonkeratinizing (NK) morphology. 4, 6, 7 The neoplastic cells have an immature basaloid appearance and are mitotically active. Human papillomavirus (HPV) has also been identified in several head and neck SCC variants, including basaloid SCC, undifferentiated carcinoma, adenosquamous carcinoma, and, more recently, PSCC, particularly when they arise in the oropharynx but not exclusively. 1, 4, 6 However, to date, no studies have thoroughly and directly evaluated for transcriptional activity of the HPV or for the clinicopathologic significance of its presence in PSCC.
The purpose of this study was to evaluate the prevalence of high-risk HPV in PSCC and to study the clinicopathologic features and molecular profiles of these tumors. The morphologic features of HPV-positive and HPV-negative tumors were compared with special consideration of the keratinization trends. p16 overexpression was used as a surrogate marker for transcriptionally active high-risk HPV. In addition, transcriptional activation of E6 and E7 viral oncogenes was directly assessed by in situ hybridization (ISH) for E6 and E7 mRNA. It has been shown that the presence of p53 mutation correlates with poorer survival in head and neck SCC. Several studies have shown a correlation between p53 mutation and lower response rates to chemotherapy and shorter overall survival times. 8 p53 overexpression was evaluated by immunohistochemical (IHC) analysis as a surrogate marker of p53 mutation status. The clinical features and outcomes of patients with HPV-positive and HPV-negative tumors were compared.
MATERIALS AND METHODS

Case Selection and Review
After approval by the Human Research Protection Office, the surgical pathology database of the Washington University Department of Pathology and Immunology was searched for all cases diagnosed previously as "papillary squamous cell carcinoma" with no other subspecifications as to site or terminology and all cases from the head and neck region were identified. All cases were reviewed by 4 study pathologists (M.M., S.K.E., J.S.L., R.D.C.), and tumors were defined as PSCC if they had a significant portion of papillary growth. Papillary growth consisted of full thickness dysplastic squamous cells lining fibrovascular cores. Although all cases had overtly invasive SCC components, in the papillary areas the neoplastic cells were growing within the surface epithelium with an intact basement membrane. Forty-eight cases were identified over a period of 19 years (1992 to 2011). The cases were further classified, before HPV testing, into the following 2 categories on the basis of histologic features: NK SCC and keratinizing (K) SCC. NK SCC was defined as having ovoid to spindled cells with hyperchromatic nuclei that lack prominent nucleoli and have indistinct cell borders ( Figs. 1A, B ). Brisk mitotic activity was often present but was not considered a requisite feature. K SCC was defined as the presence of minimal keratinization or any amount of mature squamous cells (Figs. 1C, D). This almost always was most prominent at the upper layers or the surface of the epithelium. Discrepant cases were resolved by consensus review. Clinical follow-up data were obtained by chart review from the Departments of Radiation Oncology and Otolaryngology Head and Neck Surgery at Washington University. The Social Security Death Index was searched for those patients who had been lost to follow-up, to determine the date of death, if any.
Immunohistochemistry
IHC analysis was performed using a Ventana Benchmark automated stainer using p16 (Roche MTM Laboratories; monoclonal; 1:1 dilution) and p53 antibodies (Ventana Medical Systems Inc.; monoclonal; 1:100 dilution). All cases were reviewed by 2 (M.M., S.K.E.) study pathologists. Tumors were classified as p16 positive when >50% of cells showed nuclear and cytoplasmic staining ( Fig. 2A ). p53 immunostaining was also classified as positive when >25% of cells showed nuclear staining. Discrepant results were resolved by consensus review.
E6 and E7 mRNA ISH
RNA ISH for E6 and E7 mRNA was performed using the RNAscope assay according to manufacturer's instructions (Advanced Cell Diagnostics, Hayward, CA). Briefly, 4-mm-thick unstained tissue sections were pretreated with heat and protease. Target probes to DapB (negative control), UbC (positive control), HPV-16, and high-risk HPVs as a cocktail (including types 18, 31, 33, 35, 52, and 58) were separately hybridized to adjacent tissue sections. Hybridization signals were amplified by sequential hybridization with preamplifier, amplifier, and label probes, then visualized by chromogenic staining with 3,3 0 -diaminobenzidine. 9 Stains were reviewed by 4 (M.M., S.K.E., J.S.L., R.D.C.) study pathologists at Â 20 magnification. Staining above any staining that was present on the DapB-negative control was considered positive. Cases with high background staining on the DapB-negative control or with lack of staining on the UbC-positive control were deemed technical failures.
Statistical Analysis
Categorical data were presented as frequency and percentage, whereas continuous variables were described with mean and SD. The Pearson w 2 test or the Fisher exact test as proper was used to evaluate the association between any 2 categorical data. Overall survival was defined as the time from date of commencement of the treatment (either surgical resection or beginning of radiation therapy) to the last follow-up date or death, whichever came first, whereas disease-specific survival was calculated up to the date of death with known recurrent disease. Disease-free survival was defined as the time from commencement of the treatment to the date of death due to any cause other than the disease or to the date of first disease recurrence. Empirical survival probability was estimated by the Kaplan-Meier product limit method, whereas survival differences between groups of an individual risk factor were examined by the log rank test. All tests were 2-sided with P-values r0.05 considered statistically significant. All the major statistical analyses were performed in R 2.14.1 (http://www.cran. R-project.org).
RESULTS
Forty-eight cases of PSCC were identified. Demographic information is presented in Table 1 . There were 35 men and 13 women (ratio of 2.7: 1). The age range was from 30 to 94 years with a mean and median of 62.5 and 60, respectively. The majority of the tumors were located in the larynx (n = 22), followed by the oropharynx (n = 19) and the oral cavity (n = 7). The oral cavity tumors were diagnosed at an earlier TNM stage compared with the laryngeal tumors (P = 0.003); however, there was no significant difference in the TNM stage between the oral cavity and oropharyngeal tumors (P = 0.12) or oropharyngeal and laryngeal tumors (P = 0.11). Patients with laryngeal cancer were younger (mean age: 58.9) than their oral cavity (mean age: 67.8) and oropharyngeal (mean age: 61.5) counterparts. However, none of the age differences was statistically significant. There was no significant difference in treatment modality. Two morphologic types of PSCC were identified: the K type in which the epithelial cells showed a maturation trend with minimal surface parakeratin (Figs. 1C, D), and the NK type in which the papillae were completely covered by immature basaloid cells (Figs. 1A, B ). A greater percentage of oropharyngeal PSCC cases had NK morphology compared with either oral cavity or laryngeal tumors. In the oral cavity, 1 of 7 (14.3%) was NK, whereas in the oropharynx 6 of 19 (31.5%) were NK. In the larynx, only 2 of 22 cases (9.0%) were NK ( Table 2) . These rates were statistically significantly different for the oropharynx versus other sites.
Similarly, more oropharyngeal PSCCs were p16 positive (but fewer were p53 positive) than oral cavity or laryngeal tumors. One of 7 (14.3%) oral cavity tumors was positive for p16, and 5 of 7 (71.4%) were positive for p53. In the oropharynx, 13 of 19 (68.4%) cases were positive for p16, and 4 of 19 (21.1%) were positive for p53. Three of 22 (13.6%) laryngeal cases were positive for p16, and 15 of 22 (68.2%) were positive for p53. The prevalence of p16 overexpression in oropharyngeal tumors was significantly higher than that of the oral cavity and larynx (P = 0.012 and 0.005, respectively). Conversely, p53 expression in the oropharyngeal cases was significantly lower compared with that in the oral cavity and larynx (P = 0.028 and 0.004, respectively) ( Table 2) . Patients with p16-positive tumors were younger in general compared with those having p16-negative tumors, but the difference was not statistically significant (P = 0.08) ( Table 3 ). There were no other differences among the other clinical characteristics in terms of either p16 or p53 status.
HPV was detected by RNA ISH in the majority of oropharyngeal and oral cavity PSCCs but also in a minority of laryngeal PSCCs. HPV E6/E7 mRNA was identified by ISH in 14 of 18 (77.7%) oropharyngeal PSCC cases, whereas in the oral cavity, 4 of 6 (66.6%) were positive. These proportions were not significantly different (P = 0.60). In contrast, only 5 of 19 (26.3%) cases of laryngeal PSCC were positive for E6/E7 mRNA, which was significantly less than that in the oropharynx (P = 0.001) ( Table 3 ). There were 5 RNA ISH technical failures (1 oral, 1 oropharyngeal, and 3 laryngeal cases). There was 94.4% concordance between HPV status by RNA ISH and p16 IHC in the oropharynx and 84.2% in the larynx. However, this concordance declined to only 50.0% in the oral cavity. There were no p16-positive, HPV RNA-negative cases, but 7 cases were p16 negative and HPV RNA ISH positive. Three of these were from the oral cavity, 1 from the oropharynx, and 3 from the larynx.
The patients were followed up for a mean duration of 32.5 months. Overall, 16 patients had lymph node metastasis at the time of diagnosis (33.3%), including 11 of 18 (61.1%) from the oropharynx and 5 of 19 (26.3%) from the larynx. None of the oral cavity tumors had evidence of lymph node metastasis at the time of diagnosis. Five additional patients developed lymph node metastasis later in the course of their disease, 2 from the oral cavity and 3 from the larynx. Overall, the prognosis of PSCC was quite favorable. Tumor recurred locally in only 8 of 42 (19.0%) patients, and distant metastasis occurred in only 3 patients (7.1%). Two of these patients had primary tumors in the larynx and 1 in the orophar-ynx. None of the oral cavity tumors had distant metastasis. Overall, 22 patients (45.8%) died during the follow-up period, but only 9 (18.7%) died directly from their cancers.
On univariate analysis, overall, disease-specific, and disease-free survival did not differ significantly by anatomic subsite, histology, stage, sex, age, or treatment modality. However, although not statistically significant, p16-positive tumors did show trends toward improved overall, disease-specific, and disease-free survival ( Table 4 ; Fig. 3 ).
DISCUSSION
Several series of head and neck PSCC cases have been published. Ishiyama et al 10 studied 52 cases in regard to their biological behavior, but the relationship with HPV was not reported. Thompson et al 11 reviewed the histomorphology and outcomes of 104 PSCC cases and studied the HPV status by DNA-based ISH in 41 cases. In their study, only 1 of 41 cases tested was reactive for HPV types 6/11, and none demonstrated reactivity with In the current study, we found almost half (23 of 48; 47.9%) of the PSCC cases to harbor transcriptionally active high-risk HPV including the majority of oropharyngeal and oral cavity cases and a minority of laryngeal ones. Most (17 of 23; 73.9%) of the HPV RNA-positive cases were p16 positive as well. There is a fairly substantial amount of literature on the correlation between HPV DNA detection, p16 IHC, and HPV RNA detection. p16-positive, HPV-negative head and neck PSCCs have been previously described. 13 In the study by Jo and colleagues, 32% of p16-positive tumors were negative on HPV DNA ISH. This has also been described in studies in the literature on conventional SCC with approximately 5% to 15% of oropharyngeal and significantly more nonoropharyngeal SCC cases being p16 positive without detectable HPV. In a recently published article on all subsite head and neck SCCs, Bishop et al 15 showed that p16 expression was strongly associated with the presence of HPV E6/E7 mRNA by RNA ISH. Forty six of 49 HPV-positive tumors were extensively p16 positive, whereas only 22 of 233 HPV-negative tumors were p16 positive (94% vs. 9%; P < 0.0001). There were 3 HPV RNA ISH-positive, p16-negative tumors, representing 6% of all HPV RNA-positive cases. Ukpo et al 16 performed RNA ISH for high-risk HPV E6/E7 mRNA and p16 IHC on cases of oropharyngeal SCC and showed that HPV RNA ISH is highly concordant with p16 IHC. They found a total of 4 cases in which p16 was negative and HPV RNA ISH was positive, representing 2.6% of the 152 RNA ISH-positive cases. Rather than representing technical problems with the assays, these cases appear to reflect rare examples of HPV-positive SCCs truly lacking p16 expression. In our study on PSCC, all p16-positive tumors were also HPV RNA ISH positive. In contrast, we found 7 of 23 (30.4%) of our HPV RNA ISH-positive tumors to be p16 negative (Figs. 2C, D) . It is possible that in a minority of cases, particularly in the oral cavity, the transcriptional activation of HPV is not associated with overexpression of p16 whether as a fundamental biological mechanism of the HPV in the tumor cells or as acquired inactivation of p16 expression after HPV activation. This argues that p16 IHC, which is widely regarded as highly sensitive for the presence of transcriptionally active high-risk HPV, may not be a good surrogate marker or screening test for HPV in PSCC, at least for nonoropharyngeal cases. However, the number of cases is too small to derive any definite conclusions.
In the head and neck region, HPV-related SCCs present most commonly in the oropharynx, show distinct NK morphology, and are associated with favorable patient outcomes. 1, 11, 12, [17] [18] [19] More recently, HPV has been etiologically linked to several SCC variants in the oropharynx and occasionally in nonoropharyngeal head and neck anatomic subsites. These variants include basaloid SCC, undifferentiated carcinoma, adenosquamous carcinoma, small cell carcinoma, and PSCC. Evidence shows that most of these variants are associated with better prognosis than their HPV-negative counterparts, although the number of cases is generally small. 6, 7, 13, 20 Although some studies have investigated the association of HPV with PSCC, 4, 6, 8, [11] [12] [13] to date none have described the histologic keratinization patterns nor have tested the tumors directly for the transcriptional activity of highrisk HPV by identifying E6/E7 mRNA in the tumor cells.
In our series we found similar demographic features for PSCC as in the previous studies. 1, 4, 6 None of our patients had preexisting squamous papillomas or leukoplakia, these findings being in agreement with the series by Russell et al 14 and Ishiyama et al. 10 Our findings and literature on this issue strongly argue that SCC arises de novo in almost all cases rather than as progression to malignancy in patients with papillomatosis.
In the present study, we have demonstrated that a significant subset of PSCC cases are etiologically related to HPV. The virus in these tumors is transcriptionally active as demonstrated both indirectly by p16 overexpression and directly by positive E6/E7 mRNA ISH. HPV-related PSCC is most commonly found in the oropharynx, wherein p16 overexpression and positive RNA ISH were detected in 68.4% and 77.7% of the cases, respectively. These tumors frequently had NK morphology and were more likely p53 negative (Fig. 2B) . The prevalence of HPV in oropharyngeal PSCC paralleled that observed in the typical (or "nonpapillary") HPV-related NK SCC of the oropharynx. 1, 4, 6, 7 HPV was less prevalent in the larynx, but was present in a significant minority of cases, with p16 positivity in 13.6% and HPV RNA ISH positivity in 26.3% of the cases. Most of these tumors showed K morphology. Again, the HPV-related PSCC cases showed some similarities to conventional HPV-related SCC in prevalence and morphologic trends. 11 In the oral cavity, the prevalence of transcriptionally active E6/E7-positive ISH in PSCC in our series (66.6%) far exceeded the reported prevalence of 0% to 10% for conventional SCC at this subsite. 13, 21, 22 Although the number of the oral cavity and laryngeal cases in this study is rather limited to reach any definitive conclusions, it is very suggestive that PSCC of the oral cavity, and to a lesser extent the larynx, is more likely to be associated with transcriptionally active HPV than conventional SCC. This is a novel and unusual finding for PSCC because very few nonoropharyngeal SCC (conventional or even the histologic variants such as basaloid SCC and undifferentiated, verrucous, and adenosquamous carcinomas) harbor transcriptionally active HPV when arising in the larynx or oral cavity. Interestingly, some of the HPV-related tumors showed a morphologic trend toward keratinization as reported in the rare HPV-related conventional SCCs described in the oral cavity. 11, 22 We observed an inverse relationship between HPV-positive tumors and p53 expression, as has been well demonstrated in the overall majority of HPV-related SCC of the head and neck. Jo et al 13 described 11 of their 14 PSCCs to be positive for p53 protein and that the p53 status was significantly related to poor survival (P = 0.048). In addition, all of their HPV-negative PSCCs had 4+ (extensive) staining for the p53 protein. This again is similar to our findings.
We have shown that oropharyngeal PSCCs differ significantly from their counterparts in the oral cavity and the larynx. They tend to have an NK morphology and are more frequently associated with transcriptionally active HPV. We have further demonstrated that PSCC of the upper aerodigestive tract has 2 distinct morphologic types, K and NK. The majority of the NK PSCCs are located in the oropharynx, are more associated with highrisk HPV, and occur in a younger population of patients compared with the oral cavity and laryngeal lesions. In addition, a number of oral cavity and laryngeal PSCCs are also related to transcriptionally active high-risk HPV, most of which lack NK morphology.
The question remains as to whether, and what, HPV testing should be performed in PSCC in routine clinical practice. We test oropharyngeal SCC because there is overwhelming evidence for the clinical and therapeutic significance of transcriptionally active HPV. 16, [22] [23] [24] Our current practice, just as with many others across the head and neck community, is to routinely test all oropharyngeal SCCs, including all histologic variants, for p16 (as a surrogate marker of HPV and as a proven prognostic marker). It is acknowledged that many feel compelled to perform some type of HPV-specific testing in oropharyngeal SCC as well. 25, 26 We do not test oral cavity, laryngeal, or hypopharyngeal SCC cases for HPV or p16 in routine practice because no definitive evidence exists to support its clinical significance at these anatomic subsites. Even though there are many PSCCs in the larynx and oral cavity that harbor transcriptionally active HPV, it has not been shown that they are biologically different from HPV-negative ones or that they should be treated differently. In summary, given the current state of knowledge, we recommend HPV testing in routine practice only for oropharyngeal PSCC.
This study further supports the overall good prognosis of head and neck PSCCs previously described in the literature. However, it should be noted that most series report high rates of local recurrence and also of secondary malignancies. 8, 10, 12, 13, 14 In our series, the HPV-related tumors were not associated with statistically significant improved patient outcomes, although the HPV-positive tumors did tend to have better survival compared with the HPV-negative ones (Fig. 3) . The lack of significant difference in survival by HPV status could be explained by the relatively small sample size, or it could be attributable to the overall favorable prognosis of PSCC.
